Summary. Northern hybridization of total RNA isolated from adult human sciatic nerve demonstrated a readily detectable hybridization signal for glucose transporter 1 (GLUT 1) mRNA. Western blot analysis demonstrated that GLUT 1 proteins extracted from adult human and from mature rat sciatic nerves had different electrophoretical mobilities. The migration positions of human and rat GLUT 1 proteins corresponded to 60-70 kDa and 55~50 kDa, respectively, as estimated by markers with known molecular masses. Indirect immunofluorescence staining localized GLUT 1 to the perineurium in the adult human sciatic nerve. Only a few endoneurial capillaries of human adult nerve stained positively for GLUT 1, which was in contrast to rat peripheral nerve where most endoneurial capillaries were positive for GLUT 1. In developing human nerves, the staining pattern for GLUT 1 was markedly different from that of the adult nerves: at 14 weeks, the perineurial cells were entirely negative for GLUT 1. Between 22 and 26 weeks of gestation, the staining reaction for GLUT 1 in the perineurium became markedly more prominent, and by 35 weeks the intense perineurial staining resembled that observed in the adult human nerves. In contrast to adult nerves, both endoand epineurial blood vessels stained intensely for GLUT 1 in the fetal samples. Thus, the immunoreactivity for GLUT 1 in the perineurium seems to increase concomitant with the maturation of barrier properties of perineurium, whereas the transient expression of GLUT 1 in the vasculature of developing nerve may have a specific role in the proliferating endothelial cells.
During the past few years, a family of sodium-independent glucose transporter molecules (GLUTs) responsible for facilitated diffusion of glucose into mammalian cells has been characterized [1, 2] . Five isoforms of glucose transporters are known: GLUT 1 [3] and GLUT 3 [4] may be responsible for basal glucose uptake into cells; GLUT 2 [5] mediates the bi-directional glucose transport in the hepatocytes, and may have a role in the glucose-sensing system of the pancreatic beta cells; GLUT 4 [6] is responsible for most of the insulin-stimulated glucose uptake in the muscle and fat tissues; and GLUT 5 [7] has a role in the dietary absorption of glucose from the intestine [1] . The expression of GLUTs by various cell types, e. g. brain glial cells and connective tissue cells of peripheral nerve [8, 9] , is in part regulated by ambient glucose concentration, and may thus undergo changes in diabetes mellitus.
Peripheral nerves are highly dependent on glucose as their major energy source [10] . In mature rat and canine nerves, GLUT i epitopes have been localized to the perineurium and endothelial cells of the endoneurial capillaries [9, 11, 12] ; Le. structures that are responsible for maintaining the blood-nerve barrier, which prevents free access of molecules from circulation and surrounding tissue into the endoneurial space and thus serves to maintain the endoneurial homeostasis [13] .
In previous studies, marked changes of GLUT 1 mRNA expression in developing rat tissues have been observed [14, 15] . Furthermore, several tissues such as liver and heart muscle that express GLUT 1 only at a very low level in mature animals, show high steady-state levels of GLUT 1 mRNA during the fetal development [14, 15] . These findings may suggest that GLUT 1 has a specific role during the early development of tissues.
To date, the expression of GLUTs in human peripheral nerve, or during the development of peripheral nerve has not been studied. Thus, our purpose was to investigate the distribution of GLUT 1 both in adult and developing human peripheral nerve.
Materials and methods

Tissue samples
Sciatic nerve samples were obtained from an apparently healthy subject (age, 16 years) who had died in an accident. The time interval between the death and the fixation of the samples was 6 h. A fresh sciatic nerve sample was obtained from a tissue donor (age, 23 years) critically injured in an accident. The nerve sample was fixed immediately after death. The sciatic nerves of four apparently normal human fetuses, 14, 17, 19 and 19 gestational weeks of age, were obtained from the Department of Obstetrics and Gynecology, Turku University Hospital. The nerves were removed within 2 h after death. The sciatic nerves of four human fetuses, 17, 22, 26 and 35 gestational weeks of age, were obtained from the Department of Pathology, University of Turku. In these cases, the nerve samples were obtained within 2 days after death. No abnormalities were found in any of these fetuses on macroscopic or microscopic examination at autopsy. The sciatic nerves were removed under sterile conditions and snap-frozen in liquid nitrogen. Haematoxylin-eosin and toluidine blue stainings of nerve sections were used for routine histology. The study protocol was approved by the Ethical Committee of University of Turku. For control purposes, sciatic nerves were obtained also from an 8-month-old Sprague-Dawley rat. The rat was killed under CO2 anaesthesia, and the sciatic nerves were removed and snap-frozen in liquid nitrogen.
Indirect immunofluorescence staining
For indirect immunofluorescence staining,'snap-frozen samples of sciatic nerves were cut into 5-gm sections on silanated glass slides. Prior to staining, the sections were fixed in absolute ethanol at -20~ or alternatively in 100 % acetone at -20~ 10 % formaldehyde (diluted with phosphate-buffered saline, PBS, pH 7.4) at room temperature, or 4 % paraformaldehyde (in PBS) at room temperature. The type of fixation did not affect the observed staining pattern for GLUT 1 epitopes. The sections were balanced in PBS with 1% bovine serum albumin (BSA/PBS), and exposed to polyclonal rabbit antibodies raised against a synthetic peptide that was composed of the 16 COOH-terminal amino acids of human/rat GLUT 1 (courtesy of Dr. B. Thorens, Whitehead Institute, Cambridge, Mass., USA). The antiserum was used in a dilution of 1:500 (in BSA/PBS), and the incubation was carried out overnight at 4 ~ After careful washes in PBS, the samples were incubated with tetramethyl-rhodamine isothiocyanate (TRITC)-conjugated swine immunoglobulins to rabbit IgG (DAKO A/S, Glostrup, Denmark; 1:100 dilution ha BSA/PBS) for 1 h at room temperature, washed again with PBS, rinsed briefly with distilled water, and mounted. In control reactions, the primary antibody was omitted, replaced with serum from non-immunized rabbits, or preabsorbed with 10 x molar excess of a synthetic peptide similar to that originally used for immunization. The peptide (the 16 COOH-terminal amino acids of human/rat GLUT 1) was synthesized using Applied Biosystems 431A automated peptide synthesizer and 9-fluorenylmethoxycarbonyl protection strategy, purified with reversed-phase high-performance liquid chromatography, and analysed by mass spectrometry. The samples were observed and photographed with a Leitz Aristoplan microscope equipped with an epi-illuminator, filters suitable for TRITC-fiuorescence, and camera attachment. In all controls, a faint uniform background fluorescence only was observed.
Western blot analysis
Proteins were extracted from a minced N0.5 cm piece of a fascicle of human adult sciatic nerve (obtained from the 23-year-old subject), and from a minced sciatic nerve of an 8-month-old Sprague-Dawley rat, by intermittent vortexing of the sample in a solution containing 4% sodium dodecyl sulphate (SDS), 0.5 mmol/1 phenylmethylsulphonyl fluoride, 0.1 mmol/14-chloromercuribenzoate, and 5 mmol/1 EDTA [11] . The samples were centrifuged, and the protein contents R Muona et al.: GLUT 1 in adult and developing nerve of the supernatants estimated by the method of Lowry modified by Peterson [16] . Aliquots containing 10-40 gg of the extracted proteins per lane were separated by SDS-PAGE (12 % homogeneous gel), and electrotransfened to nitrocellulose filters (Schleicher & Schuell, DasseI, FRG). The filters were incubated with the GLUT 1 antiserum (dilution 1:100in Tris-buffered saline (TB S) + 5 % non-fat dry milk + 0.2 % Nonidet P-40 (NP-40)) for 60 min at room temperature [17] . For controls, the antiserum was preabsorbed with 10 x molar excess of a synthetic peptide identical to that used for immunization (see above) prior to incubation of the filters. After washings, the filters were incubated with 8 x 105 cpm/ml of ~25I-labelled protein A (30 mCi/mg; Amersham International, Amersham, Bucks., UK) in TBS with 5% non-fat dry milk and 0.2% NP-40 for 60 min at room temperature with agitation. Following washes, the filters were exposed to X-ray fills (Kodak X-Omat; Eastman Kodak, Rochester, NY, USA) at-70~
RNA isolation and Northern analyses
Isolation of total RNA was carried out as described previously [18] . Briefly, the sciatic nerve samples were homogenized in guanidium thiocyanate buffer followed by acid phenol-chloroform extraction, and after centrifugation the RNA was precipitated from the water phase with ethanol. For control purposes, total RNA was extracted also from fetal brain tissue and HT 1080 fibrosarcoma cells. RNA samples (20 gg/lane) were fractionated on 0.9 % agarose gels under denaturing conditions. The RNAs were transferred to nylon filters (Biodyne transfer membrane; Pall Biosupport, East Hills, NY, USA), immobilized by baking at 80 ~ and hybridized with a human GLUT 1 specific cDNA probe (1.6-kilobase (kb) BamHI-PstI fragment of J-12, [3] ), which was labelled radioactively by random-priming (Random Primed DNA Labeling Kit; Boehringer-Mannheim, Indianapolis, Ind., USA). The hybridization solution contained 50 % formamide, 50 mmol/1 sodium phosphate (pH 6.5), 0.1% SDS, 5xstandard saline citrate (SSC; lxSSC =0.15 mol/1 sodium chloride and 15 mmol/1 sodium citrate), 5 x Denhardt's solution, and 250 gg/ml calf thymus DNA. After washings (three times for 5 rain in 2 x SSC + 0.1% SDS at room temperature, and two times for 15 min in 0.1 x SSC at 60 ~ the filters were kept moist and exposed to X-ray films (Kodak X-Omat) at -70~ The probe was removed by incubating the filters in distilled water containing 0.1% SDS at 90 ~ for 10 min, and tile filters were rehybridized with a human GLUT 3 specific cDNA probe (2.6-kb SalI-SalI insert of pBS-MGT# 3, [4] ).
Results
Expression of GLUT 1 protein and mRNA in human nerves
GLUT 1 protein of adult human sciatic nerve was studied by Western blot analysis of proteins extracted from the sciatic nerve of the 23-year-old subject utilizing GLUT 1 specific antiserum and radioactively labelled protein A. Autoradiography revealed an intense double band, the migration position of which corresponded to that of a marker with known molecular mass of 60-70 kDa. The band was completely abolished by preabsorption of the antiserum with a synthetic peptide identical to that originally used for immunization (Fig. 1A) . However, GLUT 1 protein of the sciatic nerve of a mature rat was detected as a single band corresponding to 55-60 kDa, which is in agreement with previous findings [11] . The band was not detected in the control filter incubated with the preabsorbed antiserum (Fig. 1 A) . In the human nerve sample, an additional band of high molecular mass was observed Fig. 1 . A Western blot analysis of GLUT 1 protein extracted from adult (23-year-old) human sciatic nerve and from mature (8-month-old) rat sciatic nerve. Samples containing 20 gg total protein were subjected to SDS-PAGE, transferred to nitrocellulose filters, and incubated with GLUT 1 specific antiserum followed by incubation with 12SI-labelled protein A. The mobilities of commercial protein markers with known molecular masses (kDa) are indicated on the right. Note the differences in the mobilities of GLUT i proteins extracted from human (arrows on the left) and rat (arrowhead) peripheral nerves. The control filter was incubated with GLUT 1 antiserum that was preabsorbed with a synthetic peptide identical to that originalIy used for immunization. Only the unspecific band of the human nerve sample is visualized in the control filter B Northern transfer analysis of GLUT 1 and GLUT 3 mRNAs isolated from adult (23-year-old) human sciatic nerve. Total RNA (20 gg) was fractionated on 0.9 % agarose gel, transferred to nylon membrane, and hybridized with a cDNA specific for human GLUT 1. Subsequent autoradiography reveals a single 2.8-kb band (arrowhead on the right). After removal of the previous probe (see Materials and methods) the same filter was rehybridized with a cDNA specific for human GLUT 3. Autoradiography reveals two faint bands corresponding to the 4.1-kb and 2.7-kb m R N A transcripts (arrows on the right). Ethidium bromide staining of the same gel is shown on the left (EtBr); migration positions of ribosomal RNAs are indicated (arrows) C Northern transfer analysis of GLUT 3mRNA extracted from a sciatic nerve of a 19-week-old fetus, from fetal brain and from HT 1080 cells. Autoradiography revealed 4.1-kb and 2.7-kb transcripts (arrows on the right). Ethidium bromide staining is shown on the left (EtBr); migration positions of ribosomal RNAs are indicated by arrows (Fig. 1 A) . This band was not abolished by preabsorption of the antibody with the G L U T 1 peptide and was thus considered to be non-specific.
In order to study the expression of GLUT 1 at the m R N A level in the same human nerve as utilized for the Western blot analyses, total R N A was isolated from the nerve and subjected to Northern transfer analyses. Hybridization with a human sequence specific cDNA for GLUT 1 revealed a characteristic 2.8-kb m R N A transcript even after a relatively short (18 h) exposure (Fig. 1 B) . Rehybridization of the same RNA filters with a human sequence specific cDNA for GLUT 3 resulted in visualization of characteristic 4.1-kb and 2.7-kb transcripts. The bands were, however, barely detectable even after a long (2 weeks) exposure (Fig. 1B) , indicating a markedly lower level of expression of GLUT 3 in this tissue. To examine whether GLUT 3 m R N A was expressed in fetal peripheral nerve tissue, total RNA was extracted from a sciatic nerve of a 19-week-old fetus and subjected to Northern blot analysis. Typical transcripts of 4.1 and 2.7 kb were visualized, and the m R N A level roughly corresponded to that observed in fetal brain tissue which was used as a positive control (Fig. 1 C) .
Localization of G L U T 1 epitopes in adult sciatic nerves
Sciatic nerves from two (16-and 23-year-old) subjects showed similar, but not quite identical staining patterns for G L U T 1 epitopes. A positive immunoreaction was associated with the perineurium and some of the vascular components in these mature nerves.
All cell layers of the perineurium showed an intense immunoreaction for GLUT 1 epitopes (Fig.2) . Extensions of perineurium formed GLUT i positive, one cell layer thick septa which divided the endoneurial space into compartments ( Fig. 2A) . Furthermore, GLUT i positive perineurial cells often extended from the perineurium into the endoneurium to surround a subperineurial blood vessel. Thus, a sheet that was composed of perineurial cells connected the perineurium and the vessel at these sites (Figs. 2 B and 3) . Similarly, a sheet of perineurium occasionally surrounded an area apparently containing only endoneurial extracellular matrix (Fig. 4) .
In the adult human sciatic nerves, GLUT 1 positive capillaries were seen in the endoneurium only. Furthermore, compared to mature rat sciatic nerve, only a few endoneurial capillaries were positive for GLUT 1 (Fig.2A, C) , G L U T 1 positive endoneurial capillaries were also less frequent in the adult sciatic nerve specimens than in the h u m a n fetal nerve samples. In fact, the sample from the 23-year-old subject contained hardly any G L U T i positive capillaries ( Fig.2A, B) . Larger blood vessels within all connective tissue compartments of the adult nerve were negative for G L U T 1 protein (Fig. 2 A, B) . However, endoneurial arterioles were often surrounded by a single layer of G L U T i positive cells.
GLUT1 in the perineurium of fetal nerves
A marked redistribution of G L U T 1 epitopes was observed during the development of the human sciatic nerve between 14 and 35 weeks of gestational age (Fig. 5) . Perineurial cells, which showed an intense staining reaction for G L U T 1 in the adult nerve specimens, were apparently negative for G L U T 1 epitopes in the sciatic nerve from the youngest fetus studied (14 weeks) (Fig.5A) . At this age, the perineurium was composed of two to three cell layers around each fascicle as estimated by routine histology.
At 17 weeks of age, occasional short stretches of perineurial cell layers stained positively for G L U T 1 (Fig. 5 B) . However, most of the apparent perineurial staining was associated with blood vessels around and in the perineurium.
At 19 weeks of age, most of the immunoreaction for G L U T 1 in the perineurium was associated with the perineurial cells (Fig. 5 C) . Furthermore, perineuria of most fascicles showed a continuous staining for G L U T 1, whereas some fascicles were devoid of perineurial cell-associated staining. In contrast, at 22 weeks all fascicles showed a positive perineurial staining, but the staining pattern was not always continuous (Fig. 5 D) .
The perineurial staining in the samples from the 26-and 35-week-old fetuses was markedly different when compared to the samples obtained from the younger fetuses: the prominent, continuous staining of the perineurial cells at 26 and 35 weeks very much resembled that seen in the adult nerve samples (Fig. 5 E, F) .
GLUT 1 in the vasculature or fetal nerves
At 14 weeks of age, a few single G L U T 1 positive cells were seen along the perineurium (Fig. 5 A) . These cells could be identified neither as perineurial nor as endothe- Fig.3 . A schematic presentation of GLUT 1 positive, perineurium-derived structures in relation to the endoneurial blood vessels in a fascicle of adult human nerve. Blood vessels entering the endoneurium may be ensheathed by a layer of perineurial cells in two different ways, as deduced from findings shown in Figure 1 . a: A layer of perineurial cells may form a tubular sleeve [12, 26] around the blood vessel (open arrows) traversing the perineurium (arrows). b: A sheet of perineurial cells may leave the perineurium with the blood vessel, simultaneously investing the blood vessel and connecting it with the perineurium lial cells by morphological criteria. However, the presence of capillaries in the perineurium at 17 weeks may suggest that the G L U T 1 positive cells within the perineurium at 14 weeks represent endothelial cells. G L U T 1 epitopes were not observed in the endoneurium at this stage (Fig.5a ).
At 17 weeks of age numerous G L U T i positive blood vessels were seen in the endoneurium (Fig.5B) , around the perineurial tube, and between the perineurial cell layers. Both endo-and epineurial capillaries stained positively for G L U T 1 in the nerves of 17-, 19-, 22-, 26-, and 35-week-old fetuses (Fig. 5) . Northern blot analysis of total R N A extracted from adult human sciatic nerve revealed a characteristic 2.8-kb G L U T 1 m R N A transcript [3] after a relatively short (18 h) exposure. When samples isolated from adult or fetal (19-week-old) nerves were analysed for G L U T 3 m R N A , typical transcripts of 4.1 kb and 2.7 kb in size were visualized after a markedly longer exposure. Thus, both G L U T 1 and G L U T 3 genes are constitutively expressed in human nerve; however, G L U T 1 seems to be expressed at a markedly higher level than G L U T 3.
Discussion
G L U T i proteins extracted from adult human and mature rat sciatic nerves had clearly different mobilities in SDS-PAGE. The migration position of the rat G L U T 1 corresponded to 55-60 kDa, as estimated by the protein markers with known molecular masses, which is in agreement with previous observations [11] . G L U T 1 of human sciatic nerve migrated more slowly and, in contrast to rat G L U T 1, consisted of two components with slightly different mobilities. None of these bands was observed when the G L U T 1 antibody was preabsorbed with a synthetic peptide identical to that originally used for immunization. Consequently, the bands are likely to represent G L U T 1 protein. The differences in the mobilities of G L U T i proteins extracted from human and rat nerves in SDS-PAGE may be due to different sizes of the proteins, or conformational differences. In the Western blot films an additional, high molecular mass band was observed in the samples ex- The perineurium is intensely stained with antibodies to GLUT 1. Note that both the endoneurial and epineurial blood vessels are positive for GLUT 1 in samples from 17-, 19-, 22-and 26-week-old fetuses, en = endoneurium. Bars, A-E, 100 gm; F, 50 gm tracted f r o m h u m a n nerve. T h e b a n d was not a b o l i s h e d by p r e a b s o r p t i o n of the G L U T 1 a n t i s e r u m with the p e p t i d e used as i m m u n o g e n, and was thus r e g a r d e d as non-specific. It should b e n o t e d however, that p r e a b s o r p t i o n of the a n t i s e r u m p r i o r to i m m u n o s t a i n i n g s c o m p l e t e l y elimin a t e d the specific staining o b s e r v e d in the nerve tissue samples. Thus, with careful controls, the non-specific reactivity of the G L U T 1 a n t i s e r u m with an u n k n o w n mole-cule with high molecular mass does not confound the interpretation of immunohistochemical studies of nerve tissue.
Immunostaining of adult sciatic nerve revealed that the GLUT 1 transporter concentrated in the cell layers of the perineurium. GLUT 1 positive extensions of perineurium often surrounded endoneurial blood vessels. Previously, Gerhart et al. [12] have shown that GLUT i negative arterioles are occasionally invested by cellular GLUT 1 positive sleeves in canine nerves and suggested that these sleeves originate from the perineurinm. However, the continuity of these structures with the perineurium has not been demonstrated previously. Our present studies showed that the cellular tube originating from the perineurium and investing a blood vessel was often connected to the perineurium by a cellular sheet. On rare occasions, GLUT 1 positive perineurial sheets extended into the endoneurium and surrounded bundles of collagen fibrils. The perineurial extensions investing endoneurial blood vessels and connective tissue may have an anchoring function, stabilizing the connection between the perineurial tube and its endoneurial contents.
Surprisingly, the endothelial cells of endoneurial capillaries were only rarely positive for GLUT 1 in the adult human nerves. Previous studies on rat and dog have demonstrated that not only the perineurium, but also the endoneurial capillaries contain a high concentration of GLUT 1 epitopes in these species [9, 11, 12] . The perineurium and the endoneurial capillaries form the physical basis for the blood-nerve barrier. It has been suggested that a high density of glucose transporters is a biochemical concomitant of barrier properties in adult tissues, and that the most intense immunostaining for GLUT 1 is associated with cells bearing occluding junctions [19] [20] [21] . The lack of immunoreaction for GLUT I in most endoneurial capillaries of adult human nerves suggests that the expression of GLUT 1 protein in the endoneurial capillaries of human peripheral nerve may not be strictly linked with barrier function. This is in contrast to findings on nerves of rat and dog [9, 11, 12] . Whether a GLUT isoform distinct from GLUT 1, possibly a yet unknown isoform, is expressed by the endoneurial capillaries of human peripheral nerve remains to be elucidated. Interestingly, Northern transfer analysis demonstrated that GLUT 3 is expressed in human sciatic nerve at the mRNA level, whereas GLUT 3 protein or mRNA have not been observed in rat sciatic nerve [9, 22] . Thus, GLUT 3 might be a candidate for the glucose transporter of endoneurial capillaries in mature human nerves. Perineurial cells seem to be especially sensitive to diabetic conditions with regard to changes of the extracellular matrix: the basement membranes of perineurial cells are markedly thickened in diabetes [23] , and deposits of microfibrils are present in the vicinity of perineurial cells in diabetic nerves (E Muona, unpublished data). The abundance of GLUT 1 molecules on both sides of the perineurial cells suggests that transport of glucose within these cells may be exceptionally high, and thus the insulinindependent perineurial cells may be exposed to large amounts of intracellular glucose under hyperglycaemic conditions. In vitro, perineurial cells appear to partially protect themselves against high ambient glucose concentrations by down-regulating glucose uptake and the amount of glucose transporters [9] . Whether this occurs also in vivo remains to be elucidated.
In fetal sciatic nerves the distribution of GLUT i was strikingly different from that observed in the adult nerves, and underwent major changes during development between 14 and 35 weeks of gestational age. The positive staining of the perineurium increased gradually between weeks 14 and 35 of gestation. Interestingly, the increase of GLUT 1 expression in the perineurium was concomitant with the synthesis of structural basement membranes by perineurial cells: at 17 weeks, only short fragments of basement membrane are detected, while at 26 weeks, a large proportion of the cell surface is covered with basement membrane (S. Jaakkola, unpublished data). Together these two properties, expression of GLUT 1 and presence of basement membranes, may relate to the maturation of the perineurium into the adult-like, selectively permeable perineurial barrier. This maturation seems to be especially rapid at the age of 22-26 weeks of human development. Recently, confinement of GLUT 1 expression to the endothelium of cerebral capillaries in developing rat brain has been demonstrated to be concomitant with the maturation of theblood-brain barrier, the latter assessed by perfusion experiments and detection of a tight junction-specific protein [24] .
In contrast to adult human sciatic nerves where only a few endoneurial capillaries showed positive immunoreaction for GLUT 1, both endo-and epineurial capillaries of developing human nerves between 17 and 35 weeks of gestation stained positively for GLUT 1. This suggests that GLUT 1 may have a specific role, possibly unrelated to barrier function, in the vasculature of developing human nerve. Previous studies have shown that several tissues, such as rat liver and heart muscle, express GLUT 1 at a high level during the fetal development, whereas the expression is effectively down-regulated in the adult tissues [14, 15] . This has been suggested to indicate a specific, though yet unknown, role for GLUT i in the developing tissues [14, 15] . Demonstration of GLUT 1 positive blood vessels in the endoneurium at the age of 17 weeks of gestation but not at 14 weeks is in agreement with a previous electron microscopic study detecting endoneurial blood vessels in human sural nerve at 18 weeks but not at 16 weeks of gestation [25] .
In summary, the gradual increase of staining for GLUT 1 in the perineurium during the fetal development suggests that the expression of GLUT 1 increases concomitant with the maturation of barrier properties of the perineurium [11, 26] . On the other hand, the abundant GLUT 1 in the vasculature of developing nerves may have a specific role in the proliferating endothelial cells, since the endothelial cells of endoneurial capillaries in adult human nerves only occasionally show a detectable level of GLUT 1.
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